). pHA12additionaly carries a lac repressor gene laclq to be used for controlled expression studies. laclq and rrnB terminators were derived from pTTQ186) (Scal-EcoRI fragment. BamUl and Pstl sites of pTTQ18 had been previously disrupted), taopromoter and the ribosome binding site were derived from pKK223-3 (EcoRI-Sall fragment) (Fig. IB) .
To confirm the eligibility of pHAlO and pHA12 as expression vectors in Pseudomonas species, a xylE fragment encoding for the catechol 2,3-dioxygenase (C230) gene from pTS10452) was ligated to these vectors and the constructed plasmids (pHAlO-xylE and p¥LA\2-xylE)
were transferred to Pseudomonas putida PpY1014) and P.
aeruginosa PAO1161,7) and the enzyme activities of C230 in a cell-free extract were measured (Table I) . Transforma- Fig. 1 . Broad Host Range Expression Vectors. A, pHAlO; B, pHA12. Inner circles indicate the origin of restriction fragments. Apr, ampicillin resistance gene; Ptac, tac-promoter; rrnBT1T2, rrnB terminators; rbs, ribosome binding site.
To whomcorrespondence should be addressed. tion of Pseudomonas was done by a triparental mating method using pRK2013 as a helper plasmid.8) Pseudomonas isolation agar (Difco) was used for the isolation of Pseudomonastransformants. Whennecessary, the following antibiotics were added to the medium: ampicillin (50jUg/ml) and kanamycin (25/jg/ml) for E. coli, and carbenicillin (300 /jg/ml) for Pseudomonas. When expression studies were done by using the tac-promoter and laclq system, five mMof isopropyl-/?-D-thiogalactopyranoside (IPTG) was added to the medium. The enzyme assay of C230 was done as described by Nakazawa and Yokota.9) Other DNAmanipulations were done as described by Sambrook et al.10) As shown in Table I , pHAlO-xylE expressed very high C230 activity both in P. putida and P. aeruginosa even when IPTG was absent in the medium. This result demonstrates that the taopromoter is also effective in P. aeruginosa as well as in P. putida1} and pHAlOis useful for highly efficient gene expression in Pseudomonas strains. WhenpHA\2-xylEwas used, the expression was strongly repressed in the absence of IPTG (Table I) indicating that the tac-promoter,laclq system is also effective,1} and pHA12 seems to be useful for the IPTG-controlled expression studies in those strains. The reason that C230 activity of pHA\2-xyIE (IPTG+) was rather lower than that of pHAlO-xylE is uncertain, but probably because of the low permeability of IPTG into Pseudomonascells, especially into P. aeruginosa cells.
